Introduction
Element pollution is a major cause of health hazard in and around mining regions as the general population and workers run the risk of being poisoned by persistent exposure to environmental doses of metals and this condition is likely to be unresolved for a long time 1) . The bio-incorporation of element is significantly reflected in the levels of hair, which can be assessed for the extent of exposure 2, 3) . Excessive concentrations of elements in the hair have been reported in many studies heralding the body burden of Cr and Mn in the workers of match factory from Sivakasi (Tamil Nadu, India) 4) , Pb in the residents of areas of copper smelter 5, 6) and Cd and Pb in the fishermen from Subae River Basin,
. Significantly, it has been reported that the concentrations of Cd, Cr, Cu, Mn and Ni in the foundry workers and Cu, Mn and Ni in the workers of workshop and match factory were higher than the levels of control subjects working in the office 8) . Further, when rural subjects living adjacent to Urban New Delhi (India) were grouped into two and element levels were measured, one group working as farmers in rural area had lower levels of Pb and Cd in their hair than another group working as businessmen and officers in urban area of New Delhi 9) . In view of exposure to diversified sources of multielements, the hair contents of seven (four essential and three non-essential) elements are assessed in the four groups of subjects such as fishermen, students, businessmen and nonmining workers of open lignite mine. They are all male subjects without occupationally specific known source of element exposure. Based on their residences, they are from rural, urban and industrial areas. Fishermen are only nonvegetarians while others are both non-vegetarians as well as vegetarians. In the present study, concentrations of elements were estimated to find whether there exists difference in the levels of elements in the hair due to environmental gradient of exposure in non-occupationally exposed subjects such as fishermen, students, businessmen and non-mining workers from rural, urban and industrial area.
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Materials and Methods
The subjects were the fishermen from the non-industrial coastal rural residence of Kalapet in Pondicherry, students and businessmen from urban residential areas of Madras and non-mining workers around the lignite open mining (industrial) area in Neyveli. The subjects were all male and except fishermen all are both non-vegetarians and vegetarians and representing general population of three (rural, urban and industrial) areas.
At the time of sampling, the data regarding the different parameters of subjects (diet, age, sex, smoking habit, income, occupation, health, etc.) were obtained from each sample donor who filled a questionnaire (self administered).
Hair samples in 2 in. length were cut from male subjects as close to the scalp as possible from the nape of the neck region, using a pair of clean stainless steel scissors. About 0.7 g of sample was collected from each subject. The sample was washed and 0.5 g of dried sample was converted into a clear 10 mL volume of solution. Then the concentrations of Cd, Cr, Cu, Mn, Ni, Pb and Zn were estimated in the solution of samples and blank with use of flame AAS, GBC 902, following the washing and digestion methods reported elsewhere [9] [10] [11] . Considering the importance of quality assurance, three Certified Reference Materials (1. Human hair powder, 2.
Pepper Bush and 3. Tea Leaves) received from the National Institute of Environmental Studies, Japan, were analysed for the concentrations of elements along with the samples of hair and blank. Further, the CRMs, which were employed for recovery tests and digested at our laboratory, were sent for estimation of elements at other two laboratories of National Institute of Occupational Health, Ahmedabad, India and Pollution Control Board, Madras, India. The recoveries (96% to 98%), precision (less than 6%) and analysis of CRMs demonstrated the reliability and accuracy of the analytical methods adopted in this study as reported elsewhere 9, 12) . The data were processed with computer for statistical interpretation and presented in mean values (ppm) with Standard Error; significance was calculated with use of student's 't' test and ANOVA.
Results
The mean concentrations of seven elements have been shown for the subjects of four groups namely, fishermen (Table 1) , students (Table 2) , businessmen (Table 3) and non-mining workers (Table 4) . Further, the values of elements have also been given for the sub-groups of subjects classified based on their characters such as age, diet, smoking habit etc. Significantly, few elemental levels were found different due to certain characters. Mainly, Cu (fishermen), Mn (businessmen) and Cd (workers) were different due to age whereas, Cu (students), Cd, Ni and Zn (businessmen) were varied between the non-vegetarians and vegetarians. Moreover, Cd, and Ni (fishermen) and Zn (students) levels were influenced by the smoking habit. Similarly, Cd and Cu were affected by the tobacco chewing habit of fishermen. The Cu and Cd concentrations differed respectively owing to income of businessmen and year of service of workers. When the element levels in the hair of each group were compared with those of other groups, certain elemental levels were significantly (ANOVA) different (Table 5) . Remarkably, high Cd, low Mn and Zn levels in the nonmining workers, low Ni and high Pb levels in the students and businessmen and low Zn level in the fishermen were observed.
Discussion
The levels of elements determined in the hair of fishermen from Kalapet were compared with the reported values in the hair of fishermen from Metro Manila 13) . The Pb level (6.3 ± 0.9) was lower than the reported value (12.5). Carvalho et al. 7) showed that the fishermen from Subae River Basin, Brazil, had high concentrations of Pb and Cd; these levels were higher than those found in the fishermen from Kalapet. The high levels of both the elements found in the Brazilian fishermen were believed to be associated with proximity to the smelter. Except for the high Ni level, other element levels were in agreement with the reported values 14, 15) . The lower level of Zn found in the fishermen (non-vegetarian) in comparison to other groups, might be ascribed to their monotonous life style of food habit mainly including fish as their stable food.
The levels of elements, except for Cd and Ni levels, in the hair of fishermen and students representing the general population of Madras, were within the normal ranges reported by Schroeder and Nason 15) . But the higher Pb level observed in the students might be related to the variations in exposure to sources of traffic and industrial pollution, as reported elsewhere [16] [17] [18] . The high levels of Cd in the hair of non-mining workers including clerks, watchmen, security personnel and drivers of the lignite open mine, may indicate the possible exposure to Cd from the open mining and the nearby lignite thermal power plant. The low levels of Mn and Zn observed in the non-mining workers were ascertained to low nutritional intake and the rapidly changing life style of dietary habits. Jones et al. 19) pointed out high levels of Cd (3.83 ppm) and normal levels of Cu (10.29), Pb (23.79) and Zn (113.1) in the hair of residents of gold and copper mining area of Ok Tedi. When compared to these values, our values of Cd and Pb were lower and Cu level was higher. It has long been known that mining activity can markedly change the status and distribution of certain heavy metals in the adjacent environment 19) . A few parameters such as age, diet, smoking habit, year of service and income of family may account for change in the concentrations of elements in the hair of certain subjects. The Cu level in particular, was higher in the middle age group (31-45 yr) than in the older age group (46-60 yr) of fishermen. But the Cu and Cd levels were lower in the younger age group (16-30 yr) than in the middle age group (31-45 yr) of businessmen and the older age group (46-60 yr) of non-mining workers. Thus, both the higher and lower concentrations of elements were observed in the younger age group of subjects when compared to the element concentrations found in the older age groups. Likewise, Petering et al. 20) found lower levels of Pb in the hair of males and higher levels in the females up to the age of 35 yr and then a sharp decrease.
In the case of vegetarians, the high phytate intake may result in reduced availability of Zn for intestinal absorption 21) . It may be the reason that significantly lower levels of elements were observed in the hair of vegetarians than in the nonvegetarians; the Cu level in the students and the Cd, Ni and Zn in the businessmen from Madras were significantly lower. But Arunachalam et al. 22) reported insignificant difference in the hair contents of elements between vegetarians and non-vegetarians.
Tobacco chewing and smoking may be correlated with the change in hair contents of elements. Higher Cd concentration was observed in the fishermen smoking and chewing tobacco as well as lower levels of Ni (fishermen with smoking habit), Cu (fishermen with tobacco chewing habit) and Zn (student-smokers) were observed in comparison to the controls. Hartwell et al. 23) pointed out higher levels of Cd and Pb in the smokers than in the non-smokers while others found out insignificant difference between smokers and non-smokers 24) . Further, the concentrations of Cd were higher in the workers with 21-30 years of service than in the workers with 1-10 years of service. The level of Cr was higher in the hair of businessmen with high income than in the businessmen with low income. Conclusively, it was observed in the present study that the concentrations of elements in the four groups of subjects from three different places were varied due to the difference in the place of residences, working places, different food habits (vegetarianism and nonvegetarianism), age, smoking and tobacco chewing habits, income of family and year of service but not due to colour of hair.
